Introduction: Continuous studies on genetic diversity of Mycobacterium tuberculosis could enhance the awareness on transmission, control and prevention of tuberculosis (TB). In this study, we investigated current genetic diversity of TB and rifampicin resistant TB by, Restriction Fragment Length Polymorphism (RFLP) based on fingerprinting of the IS6110 insertion sequence, in the Western province of Sri Lanka, the famous touristic destination with the highest TB burden in the country. Methodology: Genomic DNA extracted from susceptible and rifampicin resistant TB strains (confirmed for rpoB gene point mutations) were digested with PvuII restriction enzyme, electrophoresed and subjected to Southern transfer. The blots were hybridised with IS6110 probe and visualized using a chemiluminescence detection. Results: The number of copies of IS6110 per isolate varied from 1 to 14. The dendrogram revealed a total of 68 distinct strains among 77 TB isolates and they belonged to nine clusters. Both rifampicin resistant and susceptible strains were distributed in all clusters. This evaluation revealed the absence of genetically identical or strong relatedness between susceptible and resistant isolates. However, clonal expansion was detected in transmission of both TB and rifampicin resistant TB. In addition, the resistant isolates having the novel mutation had no clonal relatedness. Conclusion: This is the first observational study regarding clonal expansion of TB in Sri Lanka. Thus, further investigation on genotypes, clonal expansion and transmission of drug resistance using additional markers would be useful for controlling TB.
Introduction
Mycobacterium tuberculosis is a causative agent of human tuberculosis (TB) that already infected one third of the world's population. Drug resistance is one of the major challenges in control and prevention of TB. Every year, around 440,000 multidrug resistant tuberculosis (MDR-TB) cases are isolated while around 150,000 persons are estimated to die because of MDR-TB [1] . MDR-TB mostly affect developing countries where little is known about the characteristics of the circulating drug resistant strains. As the genotype of the M. tuberculosis may vary between different geographical regions, it is possible to identify by DNA fingerprinting unreported M. tuberculosis strains with specific characteristics in different areas. Better knowledge of epidemiological situation of TB caused by different M. tuberculosis genotypes could help in revealing the source of infection and in tracking transmission routes of various strains [2] . Therefore, routine surveillance of molecular epidemiology of MDR-TB is essential to prevent and control drug resistant TB [3] . There are various methods for DNA fingerprinting of M. tuberculosis and for molecular epidemiology research. Known repeated sequences in Mycobacterium genome, such as insertion sequences (IS), trinucleotide repeats, variable number tandem repeats (VNRT), mycobacterial interspersed repetitive units (MIRU) and the direct repeat (DR) regions are commonly used as genetic markers for genotyping [4] . A high degree of DNA polymorphism in M. tuberculosis strains is associated with IS. Member of the IS3 family, IS6110, is the most abundant IS and play an important role in genome plasticity [5] . Restriction fragment length polymorphism (RFLP), based on the variable number of IS6110 copies, is used as the genetic marker for molecular epidemiology of TB and especially M. tuberculosis strains, that may contain 0-25 IS6110 copies [6] . RFLP analysis of IS6110 is considered as the standard strain-typing technique for M. tuberculosis due to its apparent mobility, average copy number, and high discriminatory potential in population epidemiological analyses [4] .
In Sri Lanka, there are very little data on epidemiological characteristics of M. tuberculosis strains. Existing data do not consider clustering of M. tuberculosis strains and genetic relationship between drug resistant and susceptible strains. The present study aimed to investigate genetic diversity of rifampicinresistant and -sensitive M. tuberculosis strains using RFLP fingerprinting in the Western province of Sri Lanka where a high TB incidence is reported. This is the first study that compares genetic polymorphism of rifampicin-resistant and rifampicin-sensitive M. tuberculosis strains in Sri Lanka.
Methodology

Isolation of M. tuberculosis cultures and study population
Sputum samples from patients suspected to have TB were collected from Chest Hospital Walisara and Central Chest Clinic Colombo, Sri Lanka from March 2008 to September 2010. Sputum samples were processed using the modified Petroff's method [7] . Decontaminated samples were inoculated on Lowenstein-Jensen (L-J) medium (Difco, Franklin Lakes, USA) and incubated at 37°C. Drug susceptibility testing was carried out using agar proportion method following CLSI guidelines [8] . Phenotypically and genotypically confirmed 31 rifampicin-resistant M. tuberculosis isolates and phenotypically confirmed 46 rifampicin-sensitive M. tuberculosis isolates were used for the RFLP analysis. H37Rv was used as the control strain.
Whole genome digestion and Southern transfer
Genomic DNA was extracted from selected M. tuberculosis strains by phenol chloroform extraction method. Restriction enzyme digestion was performed according to the method previously described, in a total volume of 100 µL by sequential addition of PCR grade water, 10 µL of 10X restriction buffer, 6 µg of DNA and 30 units of PvuII restriction enzyme (Promega, Medison, USA) [9] . The mixture was vortexed and incubated at 37°C for 16 hours. The PvuII enzyme was heat inactivated by incubating the mixture at 65°C for 10 minutes. The digested DNA (8 µL) was mixed with the loading buffer (4 µL) (Promega, Medison, USA) and was it separated by electrophoresis on ethidium bromide stained 1% agarose gel at 1.5 V/cm for 16 hours and visualized under the UV light.
The remaining digested DNA (92 µL) was precipitated by adding 9 µL sodium acetate (pH 5.2) (Sigma, St. Luis, USA) and 300 µL ice cold absolute ethanol (Sigma, St. Luis, USA), and was re-dissolved in 1X loading buffer (volume was determined according to the concentrations of DNA presence on the test gel) containing the molecular weight maker X (Roche diagnostics, Indianapolis, USA). The DNA mixture was allowed to dissolve overnight and separated on 0.8% agarose gel by electrophoresis at 2 V/cm for 16 hours.
Electrophoresed DNA was denatured by immersing the inverted gel in 500 mL denaturing buffer (1.5 mol NaCl and 0.5 mol NaOH) at 25°C for 30 minutes with shaking. The denatured gel was neutralized in 500 mL neutralizing buffer (1.5 mol NaCl and 0.4 mol Tris-HCl) at 25°C for 30 minutes with gentle shaking. The nylon membrane (GE healthcare, Little Chalfont, United Kingdom) was marked by spotting with orientation marker (mix of H37RV DNA and marker X (GE healthcare, Little Chalfont, United Kingdom) at 6 different positions on upper and lower margins of the membrane. The membrane was hydrated in 500 mL sterile distilled water for 30 seconds and equilibrated in 500 mL 20X SSPE (Saline-Sodium Phosphate-EDTA) buffer for 5 minutes. Then, Southern transfer was carried out for 16 hours. Thereafter, the Southern transfer set up was dismantled and the nylon membrane was put at 80°C for 2 hours in an oven and stored at 4°C.
Preparation and labelling of IS6110 probe
A 240bp fragment of IS6110 insertion sequence of M. tuberculosis was PCR amplified to be used as the probe. The amplified product was purified using PCR amplification clean-up kit (Promega, Madison, USA) as per manufacture's guidelines. DNA concentration of the amplified IS6110 fragment was determined using a NanoDrop (2000c/2000) UV-Vis Spectrophotometers (Thermo Scientific, Leicestershire, USA). For labelling, 200 ng of the probe was mixed with 13 µl PCR grade H 2 O and heated at 100°C for 5 minutes followed by snap cooling on ice (4°C) for another 5 minutes. Thereafter, 15 µL of horseradish peroxidase and 15 µL of gluteraldehyde (GE healthcare, Little Chalfont, United Kingdom) were added sequentially. Finally, the mixture was incubated at 37°C for 10 minutes.
Probe hybridization and detection
Pre-hybridization of Southern blot was carried out in 48 mL ECL Gold buffer (GE healthcare, Little Chalfont, United Kingdom,) at 42°C for 1 hour in a closed plastic bag. Thereafter, 45 µL of labelled probe was added directly to the Gold buffer (48 mL) in the closed plastic bag. Hybridization was carried out at 42°C for 16 hours with shaking. The hybridized membrane was washed twice in 400 mL washing buffer for 20 minutes at 42°C. Then, the membrane was washed twice in 400 mL of 2 X SSC (Saline Sodium Citrate) buffer at room temperature (~25°C) for 5 minutes with shaking. Finally, the membrane was put in a new plastic bag and incubated with 8 mL (4 mL of reagent one + 4 mL of reagent two) of Amersham ECL detection reagents (GE healthcare, Little Chalfont, United Kingdom) for 90 seconds. Thereafter, all the fluid was removed and the bag was sealed. An X-ray film was exposed to the membrane in a dark room for 5 -10 minutes and the film was developed using standard methods. After completing detection, membrane was de-probed by incubation in 400 mL of boiling Sodium dodecyl sulphate (SDS) at room temperature (~25°C) for 1 hour with shaking. Thereafter, the membrane was put in a new plastic bag to carry out the hybridization with molecular weight maker X DNA (GE healthcare, Little Chalfont, United Kingdom). The probe labelling, hybridization and detection for maker X were carried out by similar methods as mentioned above. Finally, membrane was de-probed once again and stored at refrigerated conditions.
Analysis of rpoB gene mutations
Selected fragments of rpoB gene of rifampicin resistant isolates were amplified using designed specific primers. PCR products were purified and analysed by DNA sequencing [10] .
Analysis of data
The internal marker, marker X was used to estimate the sizes of IS6110 fragments of RFLP fragments. The quality control of the procedure was done by comparing it with the IS6110 fingerprint pattern of the reference strain, H37Rv. Genetic relationship among 77 isolates was analysed by the presence (1) or absence (0) of specific DNA bands of each isolate compared to the molecular weight marker X on the same lane. A distances matrix was computed in PHYLIP (version 3.69, Washington University) by the program Restdist (using the distance matrix), and internal branching probabilities were determined by bootstrap analysis using 100 replications. Cluster analysis was carried out with the same program using Neighbour Joining method (PHYLIP version 3.69, University of Washington, Washington, USA) and the dendogram was constructed using Phyfi software [11] .
Results
IS6110 fingerprints for both strain categories (rifampicin-resistant or rifampicin-sensitive) were highly variable in respect to the number of copies and location of bands. The number of copies of IS6110 per isolate varied from 1 to 14, with sizes range from 665-10180 bp. All isolates had at least one copy of the IS6110 element. Copy number 11 was presented by most of tested isolates (n = 16, 20.8%). Within them, 11 strains were resistant to rifampicin. Isolates containing 3 or 4 copies were not present and isolates with copy numbers 2, 5,13 and 14 were found only among the rifampicin -sensitive strains (Figure 1 ). The genetic relatedness among IS6110 fingerprint patterns were analysed using the distance matrix method and the Neighbour Joining dendrogram as shown in Figure 2 . A total of 68 distinct patterns were found among 77 M. tuberculosis isolates. They were separated into two groups, G1 and G2 at node A. G1 was the larger group consisting 7 clusters (clusters 3-9) where G2 had only two clusters (cluster 1 and 2). All clusters contained both rifampicin-resistant and rifampicin-sensitive strains. In addition, one isolate (M060) branched out independently. Isolate C432 was very closely associated with the H7Rv isolate (Wild type), at the root of the dendrogram. Cluster 5 included 87% of sensitive isolates and cluster 1 contained 83% resistant isolates. A large number of isolates (n = 15) were observed in cluster 8 and showed more distinct genetic relatedness with its lineages. Genetic identity or close relatedness between sensitive and resistant isolates was not observed in the dendrogram constructed according to the fingerprinting pattern of IS6110 insertion elements (Figure 3 ). Among the five rifampicin-resistant isolates in cluster 1, four isolates (C008, C010, C020 and C120) had identical fingerprints ( Figure 2 ). The rifampicinsensitive isolate (C424-branch length 0.01591) in cluster 1 was distinctly separated from all rifampicinresistant isolates. Neighbor Joining dendrogram constructed for 31 rifampicin-resistant M. tuberculosis isolates (Figure 3 ) contains three clusters (cluster 1, 2 and 3). Nearly half of the rifampicin-resistant isolates (n = 13) were categorized into cluster 2. Two isolates were distinct and one of these (C006) was more related to the H37RV (wild type, branch length 0.01084) (Figure 3 ). Cluster 1 contained 3 genetically identical isolates (C008, C020, and C010). Further, in cluster 3, one clade contained two genetically identical isolates (C115 and C022) while its sister clade also had identical isolates (C027 and C007).
Mutations of rpoB gene of rifampicin resistant isolates are shown in the Table 1 . Rifampicin resistant isolates with the novel mutation at codon 626 (n = 13) had 11distinct IS6110 RFLP patterns and they were distributed in all clusters (Figure 3 ). Among them, C020 was genetically identical to C008 while the isolate C007 was identical to C027. However, they belonged to separate clusters (cluster 2 and 3 respectively) ( Figure  3 ). Further, isolates PC88 and Mo33 containing the novel mutation at codon 184 belonged to, two separates clusters (cluster 2 and 5 respectively) as represented in Figure 3 .
Discussion
IS6110 based DNA fingerprinting of M. tuberculosis is highly effective in detecting transmission and the disease outbreak [12] . The present study utilized the IS6110 fingerprinting to determine the genetic diversity of M. tuberculosis and rifampicinresistant M. tuberculosis isolates retrieved from primary and secondary pulmonary TB patients in Western province of Sri Lanka. Among the tested M. tuberculosis isolates (n = 77), the number of copies of IS6110 varied from 1 to 14. All isolates had at least one copy and copy numbers 3 and 4 were not observed in any isolates. Most of isolates (73%) had high copy numbers ranging from 6-14 of which 16 (21%) showed 11 copies. Relatively high copy number isolates have been reported in studies from different countries such as USA [13] , where 74% isolates had 6-15 copies, and India [14] where 50% of isolates had 6-15 copies. Furthermore, prevalence of high copy number (> 8 copies) isolates are dominant in Asian countries, around 95% in Chinese, Mongolian, Filipino, and Korean isolates, while in the Western Pacific region such as Thailand, Malaysia and Vietnam the prevalence is around 60% [15] . Therefore, it could be concluded that the high copy number is the most prevalent on the Asian continent. Out of all, 13% (n = 10) of isolates had only a single IS6110 copy which was similar to results in previous studies in Kandy district of the central province (13.6%) and Western province (14.6%) of Sri Lanka [16, 17] . In these studies, most of isolates had copy numbers ranging from 1-5 (52% and 68%, respectively). Strains lacking in IS6110 elements were also included in this category. Therefore, compared with previous studies, the present study showed a reduction trend of isolates with low copy number (< 5 copies, 18.2%). Similar results have been presented in a study from German authors where the prevalence of low copy isolates was 11.9% in 1994 [18] and 2.39% in 1997 [19] . Furtehrmore, authors from Western province of Sri Lanka reported shift of copy numbers from < 5 copies to > 6 [17] . The present study showed particular difference compared to previous studies as the copy numbers 3 and 4 were absent in rifampicinsensitive isolates while copy number ranging from 2-5 were absent in rifampicin-resistant isolates indicating the emergence of new isolates. Lack of copy numbers 3 and 5 is common in some countries from the Indian ocean region and southern Asiatic regions such as La Reunion, Comoros and Mauritius [20] and has been reported in the Western Pacific region such as Philippines, China and Mongolia [15] . The variation observed in the copy numbers could be due to migrants and travellers, as Sri Lanka is a popular touristic destination. Variation of RFLP pattern of IS611 copy number in one region emphasizes the necessity of continual conduction of epidemiological screening. The ongoing transmission of M. tuberculosis in certain settings is influenced by the genetic families such as Beijing family (Northern China, Japan, and South Korea), Central Asian strains (CAS) family, East African-Indian (EAI) family and Latin American Mediterranean (LAM) family. According to the literature, strains with high IS6110 copy number, especially ≥ 15, indicate typical Beijing strains [4, 21] , while the most of EAI strains have < 5 copies [22] . Strains with copy number 8 -13 have been classified as Beijing family, K family (a sub-lineage of the Beijing family) or CAS family [23] . Therefore, it is concluded that RFLP results should be combined with results of more precise and informative methods of typing such as spoligotyping or MIRU-VNRT to classify M. tuberculosis strains into definitive families. Highly polymorphic RFLP fingerprints of IS6110 elements [24] . In this study, six clusters with identical fingerprinting patterns were observed. Among them, five clusters were represented only by rifampicinsensitive isolates while other cluster included rifampicin-resistant isolates (n = 4). Each cluster with the identical fingerprinting pattern consisted of 2-4 isolates suggestive of the presence of mini TB outbreak in Western province of Sri Lanka. Among the fingerprinted rifampicin-resistant isolates, 13 had novel point mutation in codon 626 of rpoB gene. It could be concluded that these isolates with the novel mutation do not originate from the outbreak as they revealed 11 distinct fingerprinting patterns distributed in all clusters of the dendrogram. Two isolates with mutation in codon 626 had the same DNA fingerprinting pattern and could present the risk for transmission of this genotype. The limitation of the study are the small sample size and manual analysis of RFLP data. In conclusion, high genetic variation was observed among both, rifampicinsensitive and -resistant isolates, and there was no strong genetically relatedness between any rifampicinsensitive and -resistant isolates based on the IS6110 DNA fingerprinting. There is no risk of large-scale outbreak of drug resistant TB in Western province of Sri Lanka. However, evidences for transmission and mini-outbreak of several genotypes of both, rifampicin sensitive and -resistant M. tuberculosis, were found. Further studies on genotypes and transmission of drugresistance using rapid an less cumbersome DNA based typing methods such as spoligotyping, MIRU-VNRT and whole genome sequencing for a larger number of strains could be performed.
